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Introduction 
 
An assessment of the hydrologic and erosional conditions of both the Antelope Valley 
watershed and the adjacent unnamed tributary of the Bear Valley watershed were 
assessed during the 2007 summer season (Appendix A:  Maps).  The Antelope Valley 
Road is a major impact feature that courses through both watersheds.  Also assessed was 
the meadow system of Bear Valley Creek west of the Sierra Brooks Subdivision and a 
small riparian system near Badenough Creek.     
 
The two primary impacts to watersheds in the Feather River Basin, degraded stream 
channels and road/stream interactions were the focus of this assessment.  These 
watershed impacts manifest themselves as changes in watershed hydrology and stream 
channel hydraulics (stream flows, channel connectivity and dimensions) and channel 
stability (active erosion and sedimentation).  Problem areas were documented and ranked 
in order of stream impacts and restoration needs.  Changes to natural stream and riparian 
morphometry and morphology (stream channel width, depth, slope, pattern, position on 
the landscape) and the erosion/sedimentation impacts of these features were evaluated.  
Causal agents were also identified and evaluated to determine their status and potential 
remedies. 
 
Antelope Valley Watershed 
 
Background and General Condition  
 
The watersheds of Antelope Valley and Bear Valley are located along the southern extent 
of Sierra Valley and east of the Sierra Nevada mountain range.  The streams draining 
these watersheds flow north into a system of natural and man-made channels within 
Sierra Valley and eventually drain into the Middle Fork Feather River.  Both Antelope 
Valley and Bear Valley follow northwest trending geologic fractures, or faults. 
 
The predominant rock type making up both watersheds is Tertiary volcanic andesite with 
intrusions of basalt.  The valley bottoms are filled with Quaternary alluvium overlying 
lake deposits at their downstream ends.   
 
In the Antelope Valley watershed, soil erosion and sedimentation plays a minor role in 
shaping the watershed.  The dominant erosion and transport process is landslide/debris 
flow, defined as a moving mass of rock fragments, soil, and mud.  The material generated 
by this process covers most of the lower slope areas in the watershed, creating 
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moderately steep fans of fine to coarse material.  These fans also cover portions of the 
valley bottom alluvium and are so numerous that they form a complex of fans that are 
practically indistinguishable from one another.  Besides being the main source of 
sediment, they are a primary groundwater recharge zone for Antelope Valley and Sierra 
Valley.    
 
The stream channels of Antelope Valley are mostly degraded, incised into their original 
geomorphic features, due to historic and ongoing land use impacts.  These impacts 
include over-grazing and trampling by livestock, logging during different land-use eras, 
road construction and maintenance, and water diversion and impoundments.  Naturally 
occurring impacts, possibly exacerbated by human impacts, include wildfires, winter and 
spring floods, floods from summer thunderstorms, and mudflows.   The most obvious and 
direct evidence of watershed change is degradation of stream channels and development 
of entrenchments (aka gullies) that contain most or all streamflows.  Relocation and 
channelization of streams during the early logging era, construction and relocation of the 
Antelope Valley Road and construction of Palen Reservoir and the system of diversion 
ditches (Appendix A:  Maps) are the primary cause and effect relationships.  Stream 
channels are still actively down cutting within the entrenchments causing further 
widening (bank erosion) to take place.  The result is continued loss of meadow lands and 
other landscape features (Appendix B:  Photos 1 & 2) plus more rapid draining and loss 
of groundwater.  
 
The operation of a lumber mill near the center of the watershed in the early 1900s, a 
roadway located along the main stream channel system, used to transport rough-cut 
material to a finishing mill near Loyalton, and all roads and skid trails used to transport 
logs from upper watershed areas to the Antelope Valley Mill have directly and indirectly 
impacted the watershed.  Stream channel morphology and condition were directly 
impacted and changed during mill operation and its impacts continue today.  Besides 
directly diverting and concentrating streamflows, the road system indirectly changed the 
hydrologic and general condition of the watershed through changes in the streamflow 
regime and the production of sediment.   
 
The mill was constructed on the floodplain of Antelope Creek and an unnamed tributary, 
redirecting and channeling streamflows within the site.   The main road, constructed to 
accommodate a steam tractor used to haul the rough-cut lumber was located down the 
middle of the main stream system, directly diverting and channeling Antelope Creek.  
The stream channel incised within its meadow floodplain as a result of these impacts and 
has resulted in the development of a system of entrenchments that contain stream 
channels at a lowered (inset) elevation (Appendix C:  Diagram 1).   
 
The entire meadow/floodplain system in the lower two thirds of the watershed continues 
to degrade due to the ongoing impacts from the system of active and abandoned roads.  
Roads and skid trails constructed to haul trees from upper watershed areas to the mill 
crossed and/or followed the main Antelope Creek channel and its tributaries with no 
regard to their water flow conditions.  Streams have been diverted from their natural 
channels and confined to ditches. They no longer utilize their natural floodplains.  New 
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drainage channels were established that rapidly downcut and eroded into their new 
locations.  Ditches were also constructed to manipulate the flow from Antelope Creek for 
pasture irrigation and the milling operation.  Both soil erosion and stream channel 
degradation were accelerated. 
 
The cumulative effect of degraded stream channels and of the changes to watershed 
hydrology has been a decrease in the time water stays in the watershed during the wet 
season and an increase in the frequency of floods.  Because of this decrease in wet season 
water retention, less water is absorbed into soils, rock and meadows, decreasing the 
amount of water available for release during the dry season.   
 
Antelope Valley Road.  This road is having a major impact on the hydrology and 
morphometry (width, depth, slope, and pattern) of Antelope Valley Creek.  It is 
interrupting and redirecting the natural flow path and flood flow requirements of 
Antelope Creek and its tributaries.  Up valley of Highway 49, the first 1.5 miles of 
roadway is entrenched into the landscape, intercepts overland flows and redirects that 
flow to an inside ditch, discharging what was naturally dispersed flows into a few cross-
drains of concentrated streamflow.  Concentrating streamflows increases the erosion of 
the affected slopes and discharges sediment directly into Antelope Creek.  Concentrating 
streamflows also means that water leaves the watershed sooner, flood peaks are 
increased, dry-season streamflows are reduced and the slope below the road dries sooner. 
 
In the upper portions of the watershed, the Antelope Valley Road often interrupts and 
captures and/or re-directs streamflows from the natural drainage network.  Again, slope 
and channel erosion is increased and down slope areas are de-watered.    
 
Palen Reservoir and Diversion Ditches.  Palen Dam (Appendix B:  Photo 3) was 
constructed in 1952 to impound water for irrigation downstream on land owned by Mr. 
Palen and now owned by the Balderston Family.  Material to construct the dam was 
excavated from the stream channel and floodplain area upstream of the reservoir.  
Removal of the material has totally disrupted the natural drainage pattern, function and 
morphometry of the stream channel and has lowered the base elevation of the entire up-
valley stream system, inducing further channel degradation in an already degraded 
system.  Extensive and ongoing erosion is evident throughout the affected area.   
 
A bypass ditch was constructed to divert streamflows around the reservoir to provide 
irrigation water to downstream water users as provided by the 1940 Upper Middle Fork 
Feather River Water Rights Decree.  Before the dam and diversion ditches, water flowed 
in three natural drainage channels below the existing dam site.  Two ditches were 
constructed in conjunction with the dam in an attempt to reduce flooding during the wet 
season and to provide irrigation water during the dry season.  The natural drainage 
channels now only carry water during large flood events.   
 
The natural stream channels and meadow floodplains in this lower valley reach have been 
plowed over but they still exist fundamentally within the lower elevation of the pastures 
with modified channel morphometry.  It appears the ditch on the east side of the valley 
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does not function and was not used much, if at all.  The ditch on the west side of the 
valley carries most of the water of the Antelope Creek watershed.  Portions of this 
primary ditch were made part of, and interacted with, an unnamed tributary stream 
channel.  The amount of water carried by the ditch during the wet season is greater than 
its design capacity and, given its constructed design and the erodible nature of the soil 
material in which it is located; it is unable to function as a stable stream channel.  It is 
degrading in some sections, aggrading in others and widening throughout.  Just upstream 
of Highway 49, water from the ditch is diverted back across the valley to the east and 
returned to the natural channels before leaving the Balderston Ranch.  The location and 
degradation of this ditch system acts to shunt water around the natural groundwater 
aquifer of Antelope Valley Creek and to decrease the time water flows through the 
system, thereby increasing its erosive power and decreasing the amount of water 
available for groundwater storage. 
 
Conclusion.  The natural condition of the Antelope Valley watershed, its vegetation, 
soils, rock, topography, and drainage system slowed the downslope and downvalley 
movement of rainwater and snowmelt, maximizing water infiltration and groundwater 
retention.  Large floods were infrequent and when they did occur, damage was probably 
light to moderate.  Summer thunderstorms were localized and erosion from these intense 
rainstorms was most probably light to moderate.  Wildfires were frequent but mostly 
light.  Intense wildfires were very infrequent. 
 
The impacts of human occupation and resource extraction on the watershed counteract 
the natural tendency of the watershed to slow and absorb water and sediment runoff.  
Water and sediment now moves through the watershed faster as a result of stream 
channel degradation and the interception of surface and ground water by the roads and 
the entrenchments.  This faster flow of water is now more concentrated, increasing 
erosion and sediment transport potentials and increasing peak streamflows (increased 
frequency of floods).  Because many of the stream channels are now located in the 
bottom of trenches, they are no longer connected to their floodplains.  This further 
exacerbates the concentration of streamflows and the frequency of flooding. 
 
Given the depth of the soils, the fractured rock formations, and the depth of the 
accumulated soil and rock material, the majority of the water falling on the watershed and 
not evaporated should be absorbed into the groundwater system.  By reducing the amount 
of time water stays in the watershed, less is absorbed and stored to be released later.  
Groundwater is the source of most of the water that flows in streams and found in ponds 
and wetlands.  The reduced storage of groundwater translates into reduced streamflows 
and the amount of other surface water bodies.  This is especially noticeable during the 
summer months because the time when the streams dry is most likely earlier in the year 
than historically. The height of the groundwater table in relation to the rooting depth of 
plants is dropping sooner in the year, leading to less water available for non-irrigated 
plant growth (conversation with Attilio and Jim Ginasi, 2007).  
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Restoration Potential 
 
The goal for treating the Antelope Valley Watershed is to restore it to proper functioning 
condition by reducing soil erosion and sediment transport, increasing sediment deposition 
and storage on naturally occurring depositional features (alluvial fans and 
meadow/floodplains), reducing flood-flow peaks (increased flood-flow lag times), 
increasing groundwater retention (raised water tables), and increasing dry-season 
streamflows (both amount and time). 
 
Although the Antelope Valley Watershed is severely degraded, field reconnaissance 
surveys indicate that current conditions can be greatly improved through watershed 
restoration efforts. Much of the detrimental effects from past activities can be reversed or 
reduced.  The objectives for watershed restoration are to:  
 

• Reconnect streams to their remnant channels and historic floodplains. 
• Raise groundwater elevations to their historic elevations.  
• Reconnect diverted streams to their historic channels.  
• Reconstruct roads to minimize their interference with natural runoff patterns.  

 
The most degraded feature is the main Antelope Valley Creek channel.  It now resides at 
the bottom of a ten-foot deep trench that continues to deepen and widen (Appendix B:  
Photo 4).  It has little to no access to its natural floodplain and it continually drains the 
watershed-long groundwater aquifer.  The proposed actions are to obliterate the existing 
entrenchment and return streamflows to the historic system of remnant stream channels 
and meadow floodplains.  A conceptual-level restoration plan has been developed to 
obliterate the main Antelope Creek entrenchment from the top of the valley downstream 
to Palen Reservoir (Appendix B:  Maps; Appendix D:  Antelope Valley Meadow 
Restoration Proposal and Cost Estimates). Natural floodplain functions would be 
restored,  including 1) lower flood peaks and frequency (Appendix F:  Flood Frequency 
Analysis), 2) greater groundwater retention and higher groundwater table, 3) vigorous 
plant growth and expansion of the riparian area, and 4) little to no erosion of the  stream 
system and little to no delivery of sediment downstream. 
 
There are many intermittent and ephemeral tributaries to the main Antelope Valley Creek 
channel that have either downcut in response to the main channel elevation drop and/or 
have been diverted from their natural channels due to road or skid trail development 
(Appendix B:  Photo 5).  Where streams have been diverted from their natural channels, a 
second channel has eroded into place.  In most cases, the diverted flow of water is 
concentrated, increasing erosion, speeding the draining of water from the watershed and 
drying out areas that would otherwise contain riparian vegetation.   
 
A series of ditches were constructed as part of the original timber milling operation to 
divert water from the upper end of the valley to facilitate mill operations and for 
irrigation.  The constructed ditch system(s) basically had the same effect as the streams 
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diverted by roads and skid trials.  The proposed restoration work would reconnect 
diverted streams with their natural channels.  This action includes closing off existing, 
unnatural channels created by roads and trails.  The result would delay water runoff, 
allowing it to soak into the ground instead of immediately running off.  It would also 
reduce or eliminate existing soil erosion and re-water dried out meadow and riparian 
areas.   
 
The current road system has changed the hydrology of the watershed by reducing the 
time it takes water to drain to the main stream system and out of the watershed.  
Streamflows are concentrated, increasing erosion and sedimentation potentials and drying 
out areas below the roads.  The proposed restoration actions for the road system would be 
to reroute and/or re-drain the road system to maintain a more natural drainage pattern 
(Appendix A:  Maps).  Specific projects to restore water and sediment flow conditions 
imposed by roads have only partially been accomplished and needs further surveys.  The 
Antelope Valley Road within the Meadow project reach needs to be addressed as either a 
complete relocation around the project reach, 1.3 miles, or a complete reconstruction 
within the project reach with approximately 2000 feet relocated up onto the adjacent 
slope to move it out of the historic floodplain (Appendix D:  Antelope Valley Meadow 
Restoration Proposal and Cost Estimate).    
 
The lower watershed reach has been severely impacted by the construction of Palen 
Reservoir and water diversion system. The ditches were constructed to redistribute water 
from the reservoir and to divert water around the reservoir.  The reservoir was 
constructed using dozers to move soil material from the upstream meadow area to the 
dam site.  The floodplain has been almost completely eliminated in the excavated area 
and a 10-foot drop was created in the valley that lowered the base level for the entire 
valley upstream and resulted in renewed headcutting and gully development upstream 
(Appendix B:  Photo 6).  Restoration of the watershed does not include removal of the 
Palen Dam and Reservoir.  A functioning wetland has developed that includes open water 
and near shore, shallow wetland and riparian habitats.   
 
The water-works that diverts water around Palen Reservoir consists of a diversion 
structure (Appendix B:  Photo 7) located approximately 2500 feet upstream of the 
reservoir and a ditch from the diversion works to the main Antelope Valley Creek ditch 
approximately 900 feet downstream of Palen Reservoir outlet.  Palen Reservoir and dam 
is an obstruction to natural streamflows and the upstream diversion works and spillway 
structure has not functioned as designed for many years.  Even though water is no longer 
diverted into the ditch, it intercepts a significant amount of water from the adjacent hill 
slope causing continued erosion of the ditch as it drains back to the main channel 
(Appendix B:  Photos 8 & 9).  The proposed restoration action would remove the small 
diversion structure and ditch and restore natural stream and hill slope processes. 
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Unnamed Tributary to Bear Valley Creek 
 
Background and General Condition 
 
The history of this tributary watershed of Bear Valley Creek (Appendix A:  Maps) 
includes logging, livestock grazing, road construction, and wildfires, including the 
Cottonwood Fire that burned as recently as 1994.  The most obvious changes to what was 
a properly functioning watershed are poorly drained and located roads, especially the 
Antelope Valley Road, and the development of a discontinuous gully system along the 
main-stem stream channel.   
 
Roads in this nearly 4 square mile watershed capture water flowing in small stream 
channels and from springs and seeps, directing and concentrating water in roadside 
ditches, releasing the water down slope where the roadside ditch encounters another 
stream channel.  This overburdens that stream and causes it to adjust by accelerating the 
erosion and sedimentation process.  Some road segments are so poorly located that they 
cannot drain or drain slowly, creating road segments that are easily damaged by traffic 
during wet conditions.  Other road segments drain directly into the adjacent main stem 
stream channel, dumping an extra load of water and sediment. 
 
A discontinuous gully system (one that begins and ends several times along the course of 
the channel) has developed along the main stem of this unnamed Bear Valley tributary 
stream, primarily along the upper and middle reaches.  The discontinuous gully 
development is an indication that the system is out of balance and struggling to adjust to 
the hydrologic and riparian changes that have been imposed on it.   
 
It appears that the nearly complete burn that occurred as a result of the Cottonwood Fire 
has caused an increase in streamflows and a loss of channel stability.  The primary 
stabilizing component of this stream system is vegetation, both from the roots and stems 
of live plants and from dead plant pieces forming jams within the channel.  The stream is 
now attempting to downcut, but there’s much more sediment in the system to be 
transported than there is streamflow (stream power) to move it.  Log jams have formed 
within the channel system as burned trees have decayed and fallen to the ground and into 
the stream.  The jams that have formed within the channel are slowing the channel 
degradation process, contributing to its discontinuous nature and eventually to the 
stability of the channel. 
 
In addition to the effects of the roads and burn, water was diverted at several locations, 
especially along the lower reach where the stream merges with the Bear Valley Creek 
system.  These diversions were apparently for irrigation and as a result of road location 
and construction.   
 
Restoration Potential 
 
Because the Antelope Valley Road intercepts most of the surface water flowing to it and 
carries that flow in roadside ditches and on the road surface itself, water flows are 
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concentrated, erosion and sedimentation problems are increased, and down slope areas 
are dewatered.  The restoration action proposes to reconnect all natural drainage 
channels, eliminate roadside ditches and out-slope road surfaces.  Specific projects have 
not been identified and needs further surveying to develop. 
 
The main stream channel contains several degrading sections and several sections where 
the stream has been diverted.  The restoration action proposes to obliterate the severely 
degraded stream sections and remove the stream diversions, reconnecting these stream 
sections to their natural channels and floodplains.  Like the roads, specific projects are yet 
to be identified and developed.  The primary exception is downstream of the stream 
crossing immediately adjacent to Bear Valley Meadow.  This section of the stream 
channel is included in the Bear Valley Meadow restoration proposal, below. 
 
 
Bear Valley Creek Meadow     
 
The Bear Valley Creek Meadow (Appendix A:  Maps; Appendix G: Bear Valley 
Meadow Surveys) is severely degraded, forming a system of actively eroding 
entrenchments (aka, gullies) that measure 2 to 15-feet deep and 10 to 100-feet wide 
(Appendix B:  Photo 10).  The stream system is now confined to the entrenchments and 
generally cannot overbank onto the historic floodplain.  Groundwater drains rapidly, 
leaving little to augment summer streamflows and causing a dramatic change in the 
composition and diversity of the meadow vegetation.  The degradation of the system 
extends the entire length of the meadow and into the upstream canyon reach, where it 
connects with the rapid runoff and high sediment load of that reach.   
 
Additionally, there is a third entrenched stream system that involves shorter sections of 
the meadow.  The ability for streamflows to frequently access floodplain areas has been 
almost completely eliminated as the stream channel continues to degrade into the deep 
alluvial soils of the meadow/floodplain complex.  Because the entrenched stream system 
concentrates runoff and continues to actively erode its bottom and banks, it contributes 
significantly to the increased frequency of flooding and the high sediment loads of 
Smithneck Creek, directly affecting stream channel stability upstream and through the 
town of Loyalton.  
 
Although it is a complicated system, the meadow can be restored to properly functioning 
condition.  The action proposed is to obliterate the entire system of entrenchments and to 
re-establish streamflows to the system of channels and floodplains located on the surface 
of the meadow.  These channels are remnants of the historic stream system prior to the 
degraded system we see today.    
 
The goals of the project are to improve aquatic and riparian habitats (improve quality and 
increase amount), to improve conditions of water flow (reduce flood peaks and increase 
late season flows downstream of the project reach), and to improve water quality (reduce 
sediment loads, nutrient loads and summer water temperature).  Project objectives are to 
restore the historic streamflow, floodplain, and sediment-trapping functions of the 



10 
 

meadow, and to restore the functional attributes of the historic, unconfined aquifer by 
obliterating the entrenchments and by spreading streamflows onto the meadow. 
 
A draft design has been developed that treats approximately 8000-feet (1.5 miles) of 
valley length by obliterating the system of entrenchments with approximately 66 soil 
plugs that would return the groundwater surface (water-table) to near, or at, the meadow 
surface (Appendix A:  Maps; Appendix E:  Bear Valley Meadow Restoration Proposal 
and Cost Estimates).  This groundwater surface would be exposed in a series of ponds 
between the soil plugs.  Ponds would form where entrenchment/meadow areas are 
excavated to supply soil for the construction of the plugs.  The functions of the 
floodplains would be restored, including reducing the effects of floods (Appendix F:  
Flood Frequency Analysis), improving groundwater retention and raising the 
groundwater table and providing for vigorous plant growth, thereby expanding the 
riparian area, and eliminating the ongoing erosion of the main channel. 
 
A large, well vegetated soil and rock grade-control/channel-drop structure (Appendix C:  
Diagrams and Charts) would be constructed at the downstream end of the project, 
immediately upstream of the Sierra Brooks Drive stream crossing (Appendix B:  Photo 
11), to support the entire project at its historic meadow elevation and to drop streamflows 
approximately 10-feet (total elevation difference) to the bottom of the gully before it 
flows through the crossing culvert.  The structure would be about 300-feet long.  The 
culvert and its boulder grade-control (located at the culvert outlet) would support the toe 
of the grade-drop structure.  
 
Badenaugh Creek Area 
 
One small meadow area on the lower end of the Badenaugh Road just above the 
Smithneck Creek Road (Appendix A:  Maps) has been degraded by the diversion of 
streamflows to a small swale unable to handle the additional water.  The diverted stream 
is primarily fed by springs located on the adjacent hillside.  The diversion is caused by an 
old railroad grade located at the top of the meadow.  The area has been further degraded 
by a road that is located within the stream-riparian zone and that crosses it.  The road is 
severely rutted, channeling and concentrating water into the meadow, causing gullies to 
form.  The restoration action proposes to reconnect the natural system of channels by 
obliterating the railroad grade, relocating the road out of the meadow and onto the hill 
slope to the south, and revegetating the obliterated areas. 
 
Impact Avoidance and Minimization Measures 
 
Although all of the restoration actions are proposed with the goal of improving the long-
term ecological conditions of the watersheds, construction activities necessary to these 
restoration actions may have a potential of causing short-term impacts to natural 
resources such as water quality and wildlife habitat.  Therefore, impact avoidance and 
minimization measures described in Appendix H will be implemented as part of the 
proposed restoration actions described above. 
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Discussion of Gully Obliteration Using the “Plug-and-Pond” Restoration 
Technique: 
 
Gully obliteration is the only known method for restoring all the hydrologic and 
geomorphic functions of a meadow.  Streamflows are restored to their historically 
unconfined position on the meadow surface where flow depths, velocities, shear stresses 
and stream power are low.  The surface of the meadow becomes highly resistant to 
erosion due to vigorous plant growth watered by a shallow groundwater table.  The 
restored stream no longer transports high sediment loads because upstream loads are 
captured at the top of the meadow and the actively eroding gully has been eliminated.  
Gully obliteration using the “plug-and-pond” technique has been found to be much less 
expensive than applying other treatments.  Treatments such as check-dams have been 
estimated to cost more than ten times what it costs to obliterate gullies as here described.  
The use of check dams has been found to not restore meadows and their maintenance is 
usually very long-term.  
 
It is more difficult and costly to implement restoration treatments in the confinement of a 
gully.  Treatments used to stabilize a gully do not significantly reduce stream power, but 
rather redirects it.  More rock placement and immediate revegetation work is required, 
increasing costs significantly.  The degraded system is not restored but rather temporarily 
stabilized in its existing state.  This stability is usually tentative because the treatments 
are subject to high streamflow forces, are at high risk of damage and, therefore, long-term 
maintenance.  Erosion and sediment from the eroding entrenchment is significantly 
reduced, but flood frequencies and summer low flows leaving the project reach are not 
altered.  Sediment from upstream sources can be captured within the gully, but this is 
usually insignificant as compared to the amount eroding from the gully itself.   
 
To not treat a degraded meadow is to allow it to continue to degrade and widen.  It will 
continue to do so until most or all of the meadow is removed to the elevation of the newly 
forming stream channel.  A new stream channel and floodplain system is established at 
the lowered elevation.  Groundwater is not captured and stored along this reach.  Flood 
flows are again attenuated, but summer low flows are not enhanced by the captured 
groundwater.  Sediment from upstream sources continues to influence the stability of the 
stream channel, but deposition in the upstream sections and, possibly throughout the 
untreated reach begins to raise the meadow.  It has been estimated that it could take 500+ 
years for the stream and its floodplain to reach this state and several thousand more years 
to refill the meadow to where it was prior to the latest episode of degradation. 
 
Gully obliteration (Appendix C:  Diagram 2) is the primary restoration technique 
recommended where the stream has degraded into a meadow formed by accumulated 
alluvial soils and no constraints such as houses are present.  Because it is usually not 
economical or practical to completely fill the gully with soil, a series of soil plugs are 
instead constructed that are strategically placed and filled to the level of the adjoining 
meadow surfaces or slightly higher (Appendix B:  Photo 12).  Because the cost of 
importing soil usually renders the project very expensive or uneconomical, fill material is 
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obtained on site by excavating the sides and bottom of the gully between the plugs.  The 
excavated sections become filled with water as the groundwater in the meadow rises.  
 
While an excavator is used to excavate the soil material, plug construction, including 
compaction, is accomplished using a rubber-tired loader.  Topsoil is removed and set 
aside before pond excavation and then placed on the plugs to aid the revegetation effort.  
Wetland plant species are used to vegetate the plugs because the elevation of the finished 
plugs is generally at or slightly higher than the surrounding meadow.  The plugs and 
ponds become part of the meadow floodplain and are able to absorb and spread water 
flows. The ponds rise and fall with the movement of floodwater through the restored 
meadow, reducing stream power, recharging groundwater, and reducing flood peaks 
(Appendix B:  Photo 13).   
 
The four primary benefits to this type of restoration are:  

1. A raised groundwater table and vigorous plant growth (Appendix C:  Chart 1).  
2. A wide floodplain with frequent overbank flows that reduce flood peaks 

(Appendix C:  Chart 2) and recharge groundwater.  
3. Increased summer flows, especially downstream of the project (Appendix C:  

Chart 3). 
4. Improved water quality and wetland habitats.  

Restoring these processes and components re-invigorates the entire meadow ecosystem 
and adjacent upland areas.  The effects can be realized throughout the watershed, on-
sight, upstream and downstream.  
 
 
Summary of Watershed improvement Projects 
 
Antelope Valley Watershed 
 

1. Obliterate the main gully and reinstall the stream to the meadow surface. 
2. Reconnect natural drainage channels that have been diverted or relocated 

by past activities and by roads.  Obliterate road and skid trail water flow 
interceptions, water diversion ditches, and the gullies that have formed. 

3. Obliterate the Palen Reservoir bypass diversion dam and ditch. 
 
 
Unnamed Tributary to Bear Valley Creek 
 

1. Reconstruct the Antelope Valley Road to reconnect all drainage channels 
and outslope the road surface. 

2. Reconnect diverted streamflows to their natural drainage channels and 
obliterate the diversion channels. 

3. Include the lower portion of the stream and meadow system in the larger 
Bear Valley Meadow restoration project. 

 
 



13 
 

 
 
Bear Valley Creek Meadow 
 

1. Obliterate the gully system and return the streamflows to the meadow 
surface, restoring groundwater conditions. 

 
Badenaugh Road Area 

 
1. Remove the railroad grade and return water flows to the natural channel. 
2. Relocate the road out of meadow (obliterating the existing road) and repair 

the degraded stream channels. 
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DIAGRAMS AND CHARTS 
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APPENDIX D 

ANTELOPE VALLEY MEADOW  

RESTORATION PROPOSAL 

AND 

COST ESTIMATES 



ANTELOPE  VALLEY MEADOW RESTORATION PROPOSAL COST ESTIMATES
Feb‐08

 Work Item Estimated Cost
Field Work & Site Surveys $8,000.00
NEPA/CEQA $0.00
Permit Acquisition $5,000.00
Project Design & Engineering $15,000.00
Contract Preparation $1,000.00
Contract Administration $14,000.00
Contract Cost $525,000.00
Materials & Supplies $1,000.00
Monitoring $3,000.00
Total  $572,000.00



    ANTELOPE  VALLEY MEADOW RESTORATION PROPOSAL AND COST ESTIMATES
Feb‐08

Meadow Restoration Cost Estimate

Bear Valley Project Length (ft) 8000
Total Cost w/rock $400,000
Total Cost per foot $50
Cost w/o rock $275,000
Cost per foot $34

Antelope Valley Project Length (ft) 9000
Total Cost @ $50/ft $450,000
Total Cost @ $34/ft $309,375

Antelope Valley Road Relocation Cost Estimate

Length of Relocated Rd (mi) 1.3
Length of Reconstructed Rd (mi) 1.8

Number of Xings 6

Cost to reconstruct @ $5,000/mi $9,000
Cost to obliterate @ $2,000/mi $2,600

Total $11,600

Antelope Valley Road Reconstruction Cost Estimate

Length of Reconstructed Rd (mi) 1.3
Number of Xings 4

Length of Rd to Relocate 0.4
Number of Xings 1

Cost to reconstruct @ $5,000/mi $4,500
Cost to relocate @ $15,000/mi $6,000

Total $10,500

Palen Reservoir Bypass Ditch Obliteration

Length of Ditch (ft) 3,960
Average Ditch Width (ft) 15
Average Ditch Depth (ft) 5

Volume (yd3) 11,000

Days @ 1200 yd3/day 9
hours 73

Cost @ $200/hr $14,667

Estimated Total Construction Cost = $476,267 X1.1= $523,893



ANTELOPE  VALLEY MEADOW RESTORATION PROPOSAL AND COST ESTIMATES
Feb‐08

Engineering Surveys

Estimated Number of XSs 30
Survey Days @ 3 XSs/day 10
Long Profile @ 4500'/day 2
Total Survey Days 12
Total Survey Hours 96
Cost @ $50/hour $4,800
Travel @ 120/day (mi) 1440
Travel @ 0.55/mi $792
Data Development (hrs)  40
Cost @ $50/hour $2,000

Total Cost $7,592

Engineering Design and Layout

Estimated Number of Plugs 75
Number of Plug Layouts/day 6
Number of Days to Layout 13
Number of Ponds 75
Number of Pond Layouts/day 6
Number of Days to Layout 13
Total Layout Days 25
Total Layout Hours 200
Cost @ $50/hour $10,000
Travel @ 120/day (mi) 3000
Travel @ 0.55/mi $1,650
Data Development (hrs)  40
Cost @ $50/hour $2,000

Total Cost  $13,650

Estimated Total Cost  $21,242

Construction Oversight

Estimated Construction Days 35
Hours 280

Cost @ $50/hour $14,000
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SULPHUR-BARRY RESTORATION PROPOSAL
7/17/2007

Gully Obliteration (Pond-and-Plug)

Plug Width (ft) Length (ft) Area (ft2) Depth (ft) Volume (ft3) 1.1 X ft3 Volume (yd3)
1 50 80 4,000 6 24,000 26,400 978
2 100 50 5,000 8 40,000 44,000 1,630
3 80 160 12,800 12 153,600 168,960 6,258
4 35 65 2,275 7 15,925 17,518 649
5 52 85 4,420 6 26,520 29,172 1,080
6 58 93 5,394 6 32,364 35,600 1,319

6a 16 120 1,920 3 5,760 6,336 235
7 65 60 3,900 8 31,200 34,320 1,271

Total 713 39,709 329,369 362,306 13,419

Additional Total Pond Est. Max.
Pond Width (ft) Width (ft) Length (ft) Area (ft2) Volume (yd3) Depth (ft) Volume (ft3) Volume (yd3)

1 20 55 140 7,700 980 8 13,200 489
2 45 80 90 7,200 1630 10 35,200 1,304
3 39 164 80 13,120 6260 12 168,960 6,258
4 37 60 90 5,400 550 9 8,759 324
5 0 70 140 9,800 2550 8 23,345 865
6 10 75 100 7,500 1450 8 38,722 1,434
7 37 117 140 16,380 3175 10 101,820 3,771

Total 780 67,100 16,595 390,006 14,445

Grade-drop Structure 
Top Average Soil Volume Volume Volume 

Gradient (ft/ft) Width (ft) Length (ft) Depth (ft) Depth (ft) X 1.1 (ft3) Soil (yd3) Rock (yd3)
0.04* 60 325 12 6 67,500 2,750 2,300

*Elevation Difference Between Top and Bottom = 12 ft
 Gradient = 12 ft / 325 ft = 0.0369 ft/ft

240 boulders of 3-ft diameter (1-ft drop per boulder structure)
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SULPHUR-BARRY RESTORATION PROPOSAL GRADE-DROP STRUCTURE
7/17/2007

Barry Creek Entrenchment

1.  Upstream Cross-section

Station (ft) Elevation (ft) Rod (ft) Remarks
0 88.8 11.2 Left TET
1 80.1 19.9 TOT

44 83.2 16.8
61 82.7 17.3 TOT
75 88.6 11.4 Right TET

2.  Middle Width = 60 ft

3.  Bottom Cross-section

Station (ft) Elevation (ft) Rod (ft) Remarks
0 98.4 1.6 Left TET
2 87.9 12.1 TOT

10 88 12
15 89.7 10.3
43 90.9 9.1 TOT
53 94.3 5.7 Right TET

Sulphur Creek Entrenchment

4.  XS Immediately downstream of Confluence

Station (ft) Elevation (ft) Rod (ft) Remarks
0 96.2 3.8 Left TET (berm?)
6 91.7 8.3 Mid-terrace

15 88.3 11.7 TOT
58 88.7 11.3 TOT
64 93.8 6.2 Right TET

Summary

XS Width (ft) Depth (ft) Area (ft2)
1 53 6.8 360
2 60
3 53 5.2 276
4 64 5.3 339

Average 57.5 5.8 332

332 ft2 X 0.5 = 166 166 ft2 X1.1 = 182
Structure Length = 325-ft
Average Structure Depth = 5.8/2 = 2.9-ft
Structure Volume = 57.5-ft wide X 325-ft long X 2.9-ft deep = 54,194-ft3 (2,007-yd3) 



SULPHUR - BARRY RESTORATION PROPOSAL BUDGET ESTIMATE
Jan-08

Construction Construction
Item Volume (yd3) Days Hours

Soil Plugs 13,419 11 89
Grade-drop     soil 2,800 2 19
                     rock 2,700 5 40
               boulders 290 3 24
Subtotal 22 172
Vegetation Planting 5 40
Total 27 212

Equipment Hours Cost/Hour Total Cost
Excavator 172 $200.00 $34,425.33
Loader 172 $200.00 $34,425.33
Dozer 108 $150.00 $16,219.00
Water Truck 148 $120.00 $17,775.20
Hand Crew* 40 $400.00 $16,000.00
Total $118,844.87

* 4 people at $50.00/hour = $400/hour.

Rock Purchase and Haul @ $45/yd3 = $121,500.00
Boulder Purchase and Haul @ $45/yd3 = $13,050.00

Total = $134,550.00

Total Implementation Cost = $253,394.87



 BEAR VALLEY MEADOW RESTORATION BUDGET
Feb-08

 Work Item Estimated Cost
Field Work & Site Surveys $3,000.00
NEPA/CEQA $0.00
Permit Acquisition $5,000.00
Project Design & Engineering $2,000.00
Contract Preparation $1,000.00
Contract Administration $5,000.00
Contract Cost $400,000.00
Materials & Supplies $1,000.00
Monitoring $3,000.00
Other $0.00
Total $420,000.00



 

 

 

 

APPENDIX F 

FLOOD FREQUENCY ANALYSES 
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APPENDIX G 

BEAR VALLEY SURVEYS 
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BEAR VALLEY MEADOW, LONGITUDINAL PROFILE
5/29/2007

Station (ft) Elevation (ft) Rod, Adjusted (ft) Bearing (o) Remarks
0 5237.6 9.0 352 LTET, XS-5

105 5236.1 10.5 352 Single thread entrenchment
152 5235.2 11.4 18
263 5232.7 13.9 360
360 5230.1 16.5 360 Left side slope, aggraded reach and end of entrenchment
587 5225.0 21.6 350 Top of headcut reach
682 5221.8 24.8 6 LTET (near spring)
800 5218.8 27.8 358 LTET
924 5215.2 31.4 360 Top of short, aggraded reach
991 5212.8 33.8 360 LTEB, XS-3 (on ATV crossing)
1022 5211.8 34.8 360 LTET @ 4-=ft headcut and narrow trench
1092 5209.2 37.4 360 RTET, top of fan.  Floodplain all on right side.
1187 5209.3 37.3 360 On floodplain between channels
1314 5206.8 39.8 360 On floodplain between channels, XS-4
1474 5200.7 45.9 360 Top of section where the two channels merge
1571 5198.8 47.8 316 Merge zone
1622 5198.9 47.7 284 Turning point
1650 5197.4 49.2 344 RTET 
1666 5196.8 49.8 344 Bottom of proposed upper project reach
1814 5194.5 52.1 344 Top of gravel deposit
1834 5194.4 52.2 344 On floodplain between channels
1900 5192.6 54.0 250 Turning point
1929 5192.1 54.5 328 On floodplain between channels
2190 5187.0 59.6 352 On floodplain between channels
2381 5181.3 65.3 330 On floodplain between channels
2643 5175.9 70.7 330 RTET, right channel & at fence
2885 5172.0 74.6 330 RTEB, convergence of the two channels.  3rd channel to right
3210 5165.2 81.4 344 RTET, main gully & near divergence of the two gullies
3432 5162.2 84.4 324 RTET, main gully & next to 4-ft headcut
3555 5160.2 86.4 324 RTET, XS-6
3750 5156.8 89.8 322 RTET, main gully
3960 5152.8 93.8 320 RTET, main gully
4059 5150.6 96.0 320 RTET, XS-7
4300 5146.9 99.7 320 RTET, main gully
4378 5145.3 101.3 264 RTET, main gully
4450 5144.5 102.1 290 RTET, main gully
4553 5143.7 102.9 332 RTET, main gully
4675 5142.1 104.5 350 RTET, main gully
4762 5140.3 106.3 350 RTET, XS-2
5000 5135.4 111.2 350 RTET, main gully
5148 5132.3 114.3 324 LTET, main gully & cnfl w/ L-side channel over a 5-ft headcut
5365 5129.1 117.5 346 LTET & cnfl w/ far right channel (valley cross-over)
5644 5121.9 124.7 320 LTET, main gully  
5799 5119.8 126.8 320 Cnfl w/ unnamed Bear Vally Creek over a 5-ft headcut
5863 5120 126.6 354 LTET, XS-1 & next to community well
6228 5113.2 133.4 2 LTET, main gully
6666 5104.9 141.7 356 LTET, main gully
6810 5102.2 144.4 356 LTET, main gully, XS-8
7100 5097.6 149.0 8 LTET, main gully
7289 5093.6 153.0 8 LTET, main gully
7430 5089.7 156.9 6 LTET, above confluence with main remnant channel, left-side
7484 5090.0 156.6 60 LTET, below confluence with main remnant over a 6-ft headcut
7630 5087.3 159.3 360 RTET, XS-9.  Valley shifts to right side
7777 5085.0 161.6 360 Right-side floodplain
7878 5082.3 164.3 360 Right-side floodplain (historic Smithneck floodplain)
7930 5081.9 164.7 360 Right-side floodplain & toe of road
7939 5087.5 159.1 Edge of road pavement
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Cross Section #1
Location:  Bear Valley Creek
Description: Well Station
Survey Date:  05/21/2007
Surveyor: Terry Benoit

Stake Dist (ft) Rod Height (ft) Relative Height (ft) Remarks
0 5.1 0.0 Left Pin, Wire fence next to Rd
50 6.4 -1.3
63 6.5 -1.4 Top Edge Bank 
68 6.9 -1.8 Top Of Bank
71 7.0 -1.9 Top Of Bank
74 6.7 -1.6 Top Edge Bank 
100 6.0 -0.9
152 6.2 -1.1 Top Edge Bank 
158 6.6 -1.5 Top Of Bank
160 6.6 -1.5 Top Of Bank
170 6.4 -1.3 Top Edge Bank 
200 6.4 -1.3 Trail
227 6.1 -1.0
256 6.5 -1.4 Top Edge Bank 
268 8.0 -2.9 Top Of Bank
272 8.1 -3.0 Top Of Bank
274 7.4 -2.3 Top Edge Bank 
278 7.7 -2.6 Toe of Terrace
282 6.9 -1.8 Top Edge Terrace
296 6.8 -1.7 Top Edge Terrace
313 8.1 -3.0 Top Edge Slope
320 13.6 -8.5 Toe Of Slope
330 13.5 -8.4 Top Edge Bank 
332 14.6 -9.5 Left Edge Water
334 15.3 -10.2 Thalweg
340 14.6 -9.5 Right Edge Water, Toe Of Terrace
349 8.6 -3.5 Top Edge Terrace
372 8.1 -3.0 Top Edge Bank 
374 9.4 -4.3 Top Of Bank
377 9.4 -4.3 Top Of Bank
381 8.5 -3.4 Top Edge Bank 
399 8.1 -3.0 Edge Of Riparian (Rose)
412 8.5 -3.4 Remnant
472 7.5 -2.4 Edge Of Historic Floodplain, Toe Of Terrace
494 5.3 -0.2
570 5.1 0.0 Right Pin

 = 5.1-Rod Height
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Cross Section #2
Location:  Bear Valley Creek
Description: Between Well and Ridge
Survey Date:  05/21/2007
Surveyor: Terry Benoit

Stake Dist (ft) Rod Height (ft) Relative Height (ft) Remarks
0 5.4 0.0 Left Pin

32 6.2 -0.8
88 6.4 -1.0 Top Edge Terrace
94 7.1 -1.7

105 10.9 -5.5 Toe of Terrace
114 11.0 -5.6 Top Edge Bank
116 11.6 -6.2 Left Edge Water
116 11.8 -6.4 Top of Bank
124 11.6 -6.2 Right Edge Water
125 11.7 -6.3 Top of Bank
126 11.1 -5.7 Top Edge Bank
127 10.8 -5.4 Toe of Terrace
136 6.2 -0.8 Top Edge Terrace
197 6.2 -0.8 Top Edge Terrace
210 13.4 -8.0 Toe of Terrace
222 14.4 -9.0 Top Edge Bank
223 14.4 -9.0 Left Edge Water
230 15.2 -9.8 Thalweg
233 14.4 -9.0 Right Edge Water, Toe of Terrace
245 6.2 -0.8 Top Edge Terrace
343 4.9 0.5
374 5.3 0.1
383 6.0 -0.6
393 6.3 -0.9 Top Edge Bank
396 6.8 -1.4 Top of Bank
398 6.8 -1.4 Top of Bank
400 6.3 -0.9 Top Edge Bank
408 6.3 -0.9 Top Edge Bank
417 7.0 -1.6 Top of Bank
424 7.0 -1.6 Top of Bank
428 6.5 -1.1 Top Edge Bank
500 5.1 0.3
528 4.6 0.8
533 4.0 1.4
542 4.2 1.2 Top Edge Deposits
554 7.0 -1.6 Top of Deposit Slope
564 3.9 1.5
627 3.8 1.6 Top Edge Bank
629 4.4 1.0 Thalweg
634 4.0 1.4 Top Edge Bank
655 3.5 1.9
707 3.7 1.7 Top Edge Bank
710 5.2 0.2 Top of Bank
716 5.2 0.2 Top of Bank
720 4.3 1.1 Top Edge Bank
899 0.6 4.8 Right Pin

 = 5.4-Rod Height
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Cross Section #2A
Location:  Bear Valley Creek
Description: Unnamed Tributary
Survey Date:  05/21/2007
Surveyor: Terry Benoit

Stake Dist (ft) Rod Height (ft) Relative Height (ft) Remarks
0 1.4 0.0 Left Pin
25 5.0 -3.6 Top of Slope
40 4.2 -2.8
66 4.7 -3.3
71 5.3 -3.9 Top Edge Terrace
85 8.2 -6.8 Toe of Terrace
88 8.8 -7.4 Top Edge Bank
89 9.2 -7.8 Left Edge Water
90 9.6 -8.2 Thalweg
92 9.2 -7.8 Right Edge Water
93 8.8 -7.4 Top Edge Bank
94 9.3 -7.9 Toe of Terrace

100 4.6 -3.2 Top Edge Terrace
118 4.4 -3.0 Top Edge Terrace
126 6.5 -5.1 Toe of Terrace
163 7.0 -5.6 Top Edge Bank
167 7.8 -6.4 Top of Bank
169 7.8 -6.4 Top of Bank
172 6.9 -5.5 Top Edge Bank
239 7.0 -5.6 Toe of Terrace
248 5.0 -3.6 Top Edge Terrace
290 4.8 -3.4
342 5.4 -4.0 Right Pin, Cross Section #2 Left Pin

 = 1.4-Rod Height
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Cross Section #3
Location:  Bear Valley Creek
Description: Across from Archeological site
Survey Date:  05/23/2007
Surveyor: Terry Benoit

Stake Dist (ft) Rod Height (ft) Corr. Rod Height_1 (ft) Corr. Rod Height_2 (ft) Relative Height (ft) Remarks
0 5.3 0 Right Pin, next to rutting Rd.
50 8.1 -2.8

100 11.0 -5.7
120 12.1 -6.8 Toe of Slope
136 12.3 -7.0 Top Edge Bank
143 12.8 -7.5 Top of Bank
184 13.3 -8.0 Top of Bank
190 13.0 -7.7 Top Edge Bank
203 12.8 -7.5 Top Edge Terrace
205 14.0 -8.7 Toe of Terrace
215 13.4 -8.1 Toe of Terrace
218 13.1 -7.8 Top Edge Terrace
250 13.6 -8.3 Top Edge Terrace, Begin Willow Thicket
256 14.1 -8.8 Toe of Terrace
274 14.5 -9.2 Top Edge Bank
275 15.0 -9.7 Top of Bank
283 15.0 -9.7 Top of Bank
287 14.7 -9.4 Top Edge Bank
308 14.7 -9.4 Top Edge Bank
310 14.9 -9.6 Top of Bank
315 14.7 -9.4 Top of Bank
317 14.3 -9.0 Top Edge Bank
360 14.3 -9.0 Top Edge Terrace
361 15.5 -10.2 Toe of Terrace
373 15.4 -10.1 Toe of Terrace
374 14.8 -9.5 Top Edge Terrace
374 3.0 14.8 -9.5 TURNING POINT
410 2.7 14.5 -9.2
431 3.2 15.0 -9.7 Top Edge Bank
440 4.1 15.9 -10.6 Top of Bank
451 4.0 15.8 -10.5 Top of Bank
456 3.6 15.4 -10.1 Top Edge Bank
465 3.2 15.0 -9.7 End of Gravel Deposit
480 3.2 15.0 -9.7
480 11.3 15.0 -9.7 TURNING POINT
494 11.1 14.8 -9.5 End of Gravel Levee
497 10.9 14.6 -9.3
502 10.7 14.4 -9.1
508 11.2 14.9 -9.6 End of Levee and Willow Thicket
512 11.6 15.3 -10.0 Top Edge Bank
513 12.3 16.0 -10.7 Top of Bank
514 13.1 16.8 -11.5
515 13.3 17.0 -11.7
520 12.9 16.6 -11.3 Left Edge Water, Top of Bank
522 11.9 15.6 -10.3 Top Edge Bank
540 11.1 14.8 -9.5
560 10.1 13.8 -8.5
575 8.9 12.6 -7.3 End of grass and sage
606 5.5 9.2 -3.9 Left Pin

 = 5.3-Rod Height  = B35+($B$33-$B$34)  = D42-(B42-B43)
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Cross Section #4
Location:  Bear Valley Creek
Description: 
Survey Date:  05/23/2007
Surveyor: Terry Benoit

Stake Dist (ft) Rod Height (ft) Relative Height (ft) Remarks
0 9.7 0 Left Pin
16 15.2 -5.5 Toe of Slope, Edge of High Flow Line
23 17.2 -7.5 Top Edge Bank
26 18.1 -8.4 Left Edge Water
28 19.0 -9.3 Thalweg
31 18.1 -8.4 Right Edge Water, Toe of Terrace, Edge of Gravel Deposit
36 15.3 -5.6 Top Edge Terrace, Edge of Willow
52 15.7 -6.0 Top Edge Bank
58 15.9 -6.2 Top of Bank
60 15.9 -6.2 Top of Bank
65 14.3 -4.6 Top Edge Bank
72 14.1 -4.4 Top Edge Gravel Deposit
77 14.1 -4.4 Top Edge Gravel Deposit
84 15.5 -5.8 Toe of Gravel Deposit, Edge of Willow
88 15.9 -6.2 Top of Bank
91 14.9 -5.2 Top Edge Bank

100 14.8 -5.1
130 13.6 -3.9
169 13.6 -3.9
200 13.6 -3.9
222 13.5 -3.8
234 14.0 -4.3 remnent
237 13.6 -3.9 Top Edge Bank, Edge of Willow
246 15.0 -5.3 Top of Bank
275 15.0 -5.3 Top of Bank
275 16.0 -6.3
281 15.5 -5.8 Top Edge Bank
287 15.0 -5.3
290 14.8 -5.1
296 14.9 -5.2 Top Edge Bank, Edge of Willow/Sedge
297 15.2 -5.5 Top of Bank
302 14.9 -5.2 Top Edge Bank
318 14.1 -4.4
323 14.2 -4.5 Top Edge Bank
327 14.5 -4.8 Thalweg
333 14.0 -4.3 Top Edge Bank
365 13.7 -4.0
414 13.7 -4.0
432 14.3 -4.6 Top Edge Bank
442 15.3 -5.6 Top of Bank
448 14.9 -5.2 Top of Bank
456 13.9 -4.2 Top Edge Bank
461 13.8 -4.1
467 13.7 -4.0 Toe of Slope
600 11.0 -1.3 Right Pin
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Cross Section #5
Location:  Bear Valley Creek
Description: Lower Metal Bridge, Archery Park
Survey Date:  05/23/2007
Surveyor: Terry Benoit

Stake Dist (ft) Rod Height (ft) Relative Height (ft) Remarks
0 5.0 0 Left Pin
27 6.8 -1.8 Edge of Old Rd
34 7.8 -2.8
42 8.1 -3.1
56 9.2 -4.2 Top Edge Bank
63 11.0 -6.0 Top of Bank, Toe of Slope
73 9.8 -4.8 Top Edge Bank
98 9.6 -4.6

105 8.4 -3.4
138 8.3 -3.3
147 10.1 -5.1
189 10.3 -5.3 Top Edge Terrace
199 13.3 -8.3 Left Edge Water, Toe of Terrace
200 13.8 -8.8
205 13.8 -8.8
208 13.8 -8.8 Right Edge Water, Toe of Terrace
220 9.7 -4.7 Top Edge Terrace
233 8.1 -3.1
245 7.6 -2.6 Right Pin
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Cross Section #6
Location:  Bear Valley Creek
Description: Downstream of convergence section
Survey Date:  05/25/2007
Surveyor: Terry Benoit

Stake Dist (ft) Rod Height (ft) Relative Height (ft) Remarks
0 4.8 0 Left Pin
25 9.9 -5.1 Toe of Slope
50 10.5 -5.7

100 10.2 -5.4
139 9.7 -4.9 Top Edge Terrace
143 11.6 -6.8 Top Edge Bank
144 13.1 -8.3 Top of Bank
146 13.5 -8.7 Left Edge Water
149 13.5 -8.7 Right Edge Water, Top of Bank
151 12.2 -7.4 Top Edge Bank
158 10.2 -5.4 Top Edge Terrace
162 9.8 -5.0
226 10.1 -5.3
230 9.4 -4.6
242 9.6 -4.8
262 10.0 -5.2 Top Edge Terrace
266 12.0 -7.2 Toe of Terrace
278 13.2 -8.4 Top Edge Terrace (mid)
282 14.6 -9.8 Top Edge Bank
283 17.1 -12.3 Top of Bank
285 17.2 -12.4 Left Edge Water
288 17.6 -12.8
289 17.8 -13.0 Thalweg
290 17.5 -12.7
290 17.2 -12.4 Right Edge Water, Toe of Terrace
294 12.7 -7.9 Top Edge Terrace (mid)
298 12.5 -7.7 Toe of Terrace
308 9.2 -4.4 Top Edge Terrace
320 9.3 -4.5
329 9.6 -4.8 Top Edge Terrace
333 10.3 -5.5 Toe of Slope
337 9.7 -4.9 Top Edge Terrace
356 9.7 -4.9 Top Edge Terrace
361 12.0 -7.2 Toe of Terrace
365 11.5 -6.7 Toe of Terrace
373 9.2 -4.4 Top Edge Terrace
400 8.8 -4.0
423 8.6 -3.8 Top Edge Bank
427 9.5 -4.7 Top of Bank
430 8.7 -3.9 Top Edge Bank
449 8.6 -3.8
464 9.3 -4.5 Top Edge Bank
466 9.9 -5.1 Top of Bank
471 10.1 -5.3 Top of Bank
473 9.3 -4.5 Top Edge Bank, Toe of Slope
478 9.1 -4.3
500 8.0 -3.2
550 5.8 -1.0
575 4.8 0.0 Right Pin
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Cross Section #7
Location:  Bear Valley Creek
Description: Near End of Spur Ridge
Survey Date:  05/25/2007
Surveyor: Terry Benoit

Stake Dist (ft) Rod Height (ft) Relative Height (ft) Remarks
0 5.4 0 Left Pin
15 10.3 -4.9 Toe of Slope
18 10.5 -5.1 Top Edge Terrace
24 12.6 -7.2 Toe of Terrace
34 12.5 -7.1 Top Edge Bank
36 13.8 -8.4 Top of Bank
37 14.0 -8.6 Thalweg
38 13.8 -8.4 Right Edge Water, Top of Bank
39 13.3 -7.9 Top Edge Bank
42 13.1 -7.7 Toe of Terrace
48 11.0 -5.6 Top Edge Terrace
52 10.5 -5.1
78 10.8 -5.4 Toe of Terrace
85 10.4 -5.0 Top Edge Terrace
98 9.7 -4.3

104 10.2 -4.8
133 10.5 -5.1 Top Edge Terrace
137 11.2 -5.8 Toe of Terrace
150 11.0 -5.6
180 11.1 -5.7 Top Edge Bank
188 11.9 -6.5 Top of Bank
191 11.8 -6.4 Top of Bank
194 11.4 -6.0 Top Edge Bank
203 9.7 -4.3 Top Edge Terrace
208 9.4 -4.0
226 9.7 -4.3
250 9.7 -4.3
268 10.2 -4.8
288 9.8 -4.4 Top Edge Terrace
296 16.2 -10.8 Toe of Terrace
297 16.4 -11.0 Left Edge Water
298 17.2 -11.8
304 17.1 -11.7
305 16.4 -11.0 Right Edge Water
305 16.3 -10.9 Top Edge Bank
319 15.7 -10.3
325 15.6 -10.2 Toe of Terrace
340 9.8 -4.4 Top Edge Terrace
374 9.8 -4.4
392 10.1 -4.7
404 10.2 -4.8 Top Edge Bank
405 10.8 -5.4 Top of Bank
407 10.8 -5.4 Top of Bank
408 10.5 -5.1 Top Edge Bank
418 10.0 -4.6
442 10.2 -4.8
456 10.4 -5.0
471 11.0 -5.6 Top Edge Terrace
475 12.6 -7.2 Toe of Terrace, Top of Bank
476 12.6 -7.2 Top of Bank
478 12.2 -6.8 Top Edge Bank
483 11.7 -6.3
491 11.1 -5.7 Toe of Terrace
493 10.4 -5.0 Top Edge Terrace
509 9.8 -4.4
525 9.9 -4.5
542 10.7 -5.3
560 10.7 -5.3 Top Edge Bank
562 11.2 -5.8 Top of Bank
565 11.3 -5.9
567 11.2 -5.8 Top of Bank
567 10.7 -5.3 Top Edge Bank
583 10.3 -4.9
623 9.7 -4.3
658 8.3 -2.9
691 7.2 -1.8
702 6.4 -1.0
742 5.6 -0.2 Right Pin (base of Lone Willow)
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Cross Section #8
Location:  Bear Valley Creek
Description: Near End of Spur Ridge
Survey Date:  05/25/2007
Surveyor: Terry Benoit

Stake Dist (ft) Rod Height (ft) Relative Height (ft) Remarks
0 4.9 0 Left Pin (Above Antelope Valley Rd)
15 10.1 -5.2 Toe of Slope, Inside Ditch
18 9.1 -4.2 Left Edge Road
32 9.1 -4.2 Right Edge Road
47 9.3 -4.4
58 10.2 -5.3 Fence
94 9.9 -5.0

107 9.8 -4.9
124 10.4 -5.5
134 10.3 -5.4
142 10.7 -5.8
149 10.3 -5.4
176 10.0 -5.1
192 10.5 -5.6
203 10.8 -5.9
213 11.6 -6.7 Top Edge Bank
215 12.0 -7.1 Top of Bank
216 12.1 -7.2 Thalweg

216.5 12.0 -7.1 Top of Bank
217 11.7 -6.8 Top Edge Bank
220 11.2 -6.3
243 11.4 -6.5
249 10.9 -6.0
253 11.3 -6.4
256 11.3 -6.4 Top Edge Bank
258 11.8 -6.9 Top of Bank
259 11.6 -6.7 Top of Bank
260 11.5 -6.6 Top Edge Bank
279 11.1 -6.2
290 10.8 -5.9 Top Edge Bank
295 11.0 -6.1 Top of Bank
299 11.3 -6.4
301 11.3 -6.4 Top of Bank
304 11.1 -6.2 Top Edge Bank
313 10.8 -5.9
316 10.8 -5.9
321 11.0 -6.1
335 10.9 -6.0
353 11.1 -6.2
361 10.9 -6.0
376 11.3 -6.4
383 11.4 -6.5
390 11.2 -6.3
393 10.7 -5.8
396 10.8 -5.9
403 11.2 -6.3
406 11.0 -6.1
421 11.1 -6.2
443 11.3 -6.4
450 11.2 -6.3 Top Edge Terrace
457 18.8 -13.9 Toe of Terrace
462 18.9 -14.0 Top Edge Bank
466 20.3 -15.4
468 20.9 -16.0
469 21.3 -16.4 Left Edge Water
469 21.5 -16.6
471 21.8 -16.9 Thalweg
474 21.3 -16.4 Right Edge Water
480 19.8 -14.9 Top Edge Bank
486 18.8 -13.9 Toe of Terrace
501 11.1 -6.2 Top Edge Terrace
513 10.7 -5.8 Toe of Slope
521 9.3 -4.4
545 7.4 -2.5 Right Pin (base of burnt cedar stump)
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Cross Section #9
Location:  Bear Valley Creek
Description: Immediately upstream of The Coyce House
Survey Date:  05/25/2007
Surveyor: Terry Benoit

Stake Dist (ft) Rod Height (ft) Relative Height (ft) Remarks
0 4.1 0 Left Pin (on fan)
30 4.7 -0.6
60 5.2 -1.1

116 5.9 -1.8
141 7.7 -3.6
174 8.2 -4.1 Toe of Fan
183 8.9 -4.8
202 8.2 -4.1
212 8.0 -3.9 Top Edge Rip Rap Bank
246 14.6 -10.5 Toe of Rip Rap Slope
250 15.1 -11.0
265 14.6 -10.5 Top Edge Gravel Bar
270 16.6 -12.5 Left Edge Water
272 17.3 -13.2
278 16.6 -12.5 Right Edge Water, Top of Bank
280 16.1 -12.0 Top Edge Bank
288 15.2 -11.1 Toe of Terrace
296 9.8 -5.7 Top Edge Terrace
313 9.6 -5.5
341 10.0 -5.9 Toe of Slope
347 8.8 -4.7
363 5.1 -1.0 Right Pin
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APPENDIX H. IMPACT AVOIDANCE AND MINIMIZATION MEASURES 

ANTELOPE VALLEY WILDLIFE AREA (AVWA)AND SMITHNECK CREEK 
WILDLIFE AREA (SCWA) LAND MANAGEMENT PLAN (LMP) 

WATERSHED RESTORATION PROGRAM  

The proposed watershed restoration program has been designed to include several protection measures to avoid or 

minimize potential adverse environmental effects. The following biological and water quality conservation 

measures will be used during the course of program implementation. 

BIOLOGICAL RESOURCE CONSERVATION 

The following measures will be implemented to minimize potential adverse effects to sensitive biological 

resources: 

1. In order to avoid potential construction-related impacts to nesting birds and fawning deer in the project 

vicinity, or to aquatic species that may occur within the stream corridors, construction will occur between 

September 1 and October 1.   

 

Alternatively, construction may begin after June 1 following consultation with Department and USFS 

wildlife biologists, if a qualified biologist verifies that no birds are nesting in vegetation to be removed, 

that no raptors or yellow warblers nesting in the project vicinity would be subject to nest failure as a result 

of construction disturbance, and that no mule deer fawns in their “hiding” phase would be displaced by 

construction disturbance.  Construction may continue after October 1 if it is determined, in consultation 

with a Department aquatic biologist, a USFS aquatic biologist, and the Central Valley RWQCB, that 

sensitive fish species are not present or would not be susceptible to the specific construction disturbance 

proposed to occur after October 1, and that construction best management practices (BMPs) implemented 

to protect water quality are adequate protection against potential erosive impacts of winter storm events.  

 

2. Before project construction, fish translocation activities will be conducted to remove all native and game 

(e.g., brown trout) fish species from the immediate construction area.  

• Block nets will be placed upstream and downstream of the designated construction area to 

prevent fish from entering the site. The block nets will be placed across the channel 

approximately 100-feet above and below the designated construction area. 

• Once the construction area has been isolated, electrofishing will be employed throughout the 

entire length of the construction area to capture, remove, count, and release fish. Electrofishing 
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passes will be made as necessary until it has been determined by a qualified aquatic biologist that 

all fish that practicably can be removed have been removed. 

• All captured fish will be placed in 5-gallon buckets with fresh, clear water and transported to 

upstream release sites(s) identified before initiating translocation activities. Buckets containing 

native fishes will be moved to the release site frequently, with no more than 200 fish in a bucket 

at one time and for no longer than 15 minutes. All native and/or game fish species will be 

released in pools or slow moving currents (i.e., glides) and will be allowed to swim out of the 

buckets. Nonnative and non-game fish and other nonnative aquatic species (e.g., bullfrog 

tadpoles) will be destroyed. A minimum of one representative bucket sample from the entire 

translocation effort will be counted for total individuals by species. Any potential fish mortalities 

will also be noted. 

• Once all fish have been captured, transported, and released, the on-site fisheries biologist will 

clear the site for construction. During the construction activities, the on-site fisheries biologist 

will monitor the construction area reaches (with fish removal and transporting equipment) for 

areas that may become dewatered and potentially strand any fish that may have been missed. Any 

stranded fish will be immediately captured, transported and released upstream as described above.  

• After completion of field activities, a written letter report documenting activities will be prepared. 

The letter report will include a description of all fish translocation and salvage activities and 

estimates for total fish translocated and salvaged by species (including any mortalities). 

3. Grade control structures will be designed and constructed to provide passage for all native and desirable 

game fish species. Grade control structures will be designed utilizing natural materials (e.g., boulders) in 

a rock ramp and/or step pool configuration. Height of the drop structures and length and depth of pools 

will be designed to facilitate upstream and downstream passage for multiple fish species and will be based 

on the swimming abilities of the native and game fish species present in the creeks. The new alignment of 

the creeks will be hydrologically continuous and provide riffle-pool habitats with a riparian corridor. The 

new alignment of the creek will provide habitat functions to support a diverse community of species and 

meet habitat requirements for all necessary life stages (e.g., spawning and rearing). 

 

4. Structure (e.g. large woody debris) may be installed in restored channels to enhance fish habitat following 

watershed restoration activities. Riparian vegetation (e.g. willow stakes) may be planted or transplanted 

along stream banks to enhance riparian habitat following watershed restoration activities. Conifers that 

are out-competing young aspens may be removed to enhance riparian habitat. 
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5. Before restoration actions and during the appropriate blooming/identification period, a qualified botanist 

will conduct surveys in all restoration areas for the presence or absence of special-status plants that might 

be present in the region (see LMP Table 3.3-3).  If individuals or populations of special-status plants are 

found, they will be avoided to the greatest extent practicable.  If avoidance is not feasible and if the 

particular plant species has any federal or state protection status, additional protection measures will be 

implemented.  These may include transplanting individuals of the affected species, or collecting seed and 

creating populations elsewhere.  These additional protection measures will be developed and approved by 

a Department, USFS, and/or USFWS biologist, as appropriate depending on the plant’s listing status.   

 

6. Before restoration actions, surveys will be conducted for invasive plant species (such as woolly mullein 

and perennial pepperweed) within the restoration area and in adjacent floodplain areas that may 

experience a change in hydrology.  If any invasive plant species are found, they will be removed or 

eradicated.  No herbicides will be used on USFS property. 

 

7. Before transport to the work sites all construction equipment should be thoroughly washed (steam 

cleaned) to remove unwanted seeds  

   
 
WATER QUALITY CONSERVATION 

BMPs will be implemented in accordance with applicable federal and state regulations that provide for the 

protection of water quality at all restoration sites. Before the start of any construction work, clearing, site grading 

or stockpiling associated with preparation of the sites, measures to control soil erosion, sedimentation, and waste 

discharges of construction-related contaminants will be identified and installed. USFS and DFG will require all 

contractors conducting work at the sites to implement these measures, and the general contractor(s) and 

subcontractor(s) conducting the work will be responsible for constructing or implementing, regularly inspecting, 

and maintaining the measures in good working order. 

Standard erosion control measures (e.g., management, structural, and vegetative controls) will be implemented for 

all construction activities that expose soil. Grading operations will be conducted to eliminate direct routes for 

conveying potentially contaminated runoff to new and existing drainage channels. Erosion control barriers such as 

silt fences/curtains and mulching material will be installed, and disturbed areas will be reseeded with grasses or 

other plants where necessary. Tracking controls will be required year-round, as needed, to reduce the tracking of 

sediment and debris from the construction site. The following specific BMPs will be implemented: 
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A Storm Water Pollution Prevention Plan will be prepared and submitted to the Central Valley RWQCB.  It will 

identify BMPs that will be used to eliminate or minimize the potential for construction-related pollution (e.g. 

sediment, fuels, pesticides, cement) to enter stream flows directly, or through stormwater runoff.  All BMPs will 

be implemented accordingly. 

 

► All work will be conducted according to site-specific construction plans that identify areas for clearing and 

grading so that ground disturbance is minimized. Sensitive habitats to be avoided will be identified with 

orange fencing or other similar demarcation. 

► A point of entrance/exit to the construction sites will be identified to reduce the tracking of mud and dirt onto 

public roads by construction vehicles, and each construction entrance/exit will be graded and stabilized to 

prevent runoff from leaving the construction site. All runoff from stabilized entrances/exits will be routed 

through a sediment-trapping device before discharge. At a minimum, entrances and exits shall be inspected 

daily, and controls implemented as needed. 

► Stream flows that do not dissipate into the historic flood plain during restoration will be diverted around the 

restoration area as needed to avoid erosion and sedimentation while construction is occurring.  

► Stream flows will be diverted around construction activities during the dry season as necessary to avoid 

infringing upon downstream water appropriations.   

► Sediment control BMPs will be installed at the downstream extent of the restoration areas to capture any 

sediments released during construction. These BMPs will be maintained at least through the first flush of the 

restored area to capture any sediments that may be eroded from newly restored habitats.   

► Stockpiles will be covered and protected from exposure to erosion and flooding. 

► Disturbed soils will be stabilized before the onset of the winter season. 

BMPs will also specify appropriate hazardous materials handling, storage, and spill response practices to reduce 

the possibility of adverse impacts from use or accidental spills or releases of contaminants. Specific measures that 

will be applied to the restoration program include, but are not limited to, the following: 

► Onsite handling rules will be developed and implemented to keep construction and maintenance materials out 

of drainages and waterways. 
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► All refueling and servicing of equipment will be conducted with absorbent material or drip pans underneath to 

contain spilled fuel. Any fluid drained from machinery during servicing will be collected in leak-proof 

containers and delivered to an appropriate disposal or recycling facility. 

► All construction staging and fueling areas will be located at least 100 feet away from stream channels or 

wetlands to minimize accidental spills and runoff of contaminants. 

► Spill cleanup equipment will be maintained in proper working condition. All spills will be cleaned up 

immediately according to a spill prevention and response plan prepared for the restoration program.  

Appropriate resource agencies (e.g., USFS, DFG, RWQCB) will be notified immediately of any spills and 

cleanup procedures. 

 
 




